BACKGROUND: Postoperative complications are a significant source of morbidity and mortality. There are limited studies, however, assessing the impact of common postoperative complications on health care resource utilization.
A significant number of patients undergoing noncardiac surgery may experience a postoperative complication. Several studies [1] [2] [3] reported rates of wound infection of 1.8%
to 7%, myocardial infarction (MI) 0.5% to 1%, pneumonia 0.7% to 2.4%, and stroke o1% depending on the region studied, surgical procedure, and method of identifying complications. Meanwhile, studies that report health care costs and resource utilization associated with these complications are limited by focusing on single surgical procedures (especially coronary artery bypass graft surgery), [4] [5] [6] [7] examining only cardiac complications, 8 using patient charges as a proxy for cost 4 instead of using total (direct and indirect) hospital costs, or because costs are not adjusted for baseline conditions. 9 To overcome these limitations, we studied the association of total hospital costs and length of stay (LOS) with multiple postoperative complications for a heterogeneous group of surgical procedures at a large tertiary care center.
METHODS

Study Population
The study population was derived from administrative hospital discharge data of an urban, 750-bed tertiary care center and teaching hospital in Calgary, Alberta, Canada, for patients discharged from hospital between July 1, 1996 and March 31, 1998. We included patients aged 16 or older admitted for elective or urgent noncardiac surgery. We excluded patients who were undergoing day procedures, had surgery cancelled, or who had no recorded procedure code (2,151 patients excluded in total).
Data Source
The administrative discharge abstract data coded by trained professional coders contain up to 16 diagnosis and 10 procedure codes of the International Classification of Diseases, Ninth Revision, Clinical Modification codes (ICD-9-CM), 10 and itemized hospital costs. Total itemized costs, calculated based on the patient's Diagnosis-Related Group, represent estimated expenses accrued from direct and indirect patient care. Direct costs are based on all costs for providing patient care such as nursing staff, drugs, and other patient supplies. Indirect costs represent the cost of supporting the provision of patient care and include costs of administrative infrastructure, fixed facility costs, health records costs, etc. Physician salaries and billings are not included in hospital costs.
Explanatory Variables
To determine the independent association of postoperative complications on total cost and LOS, we adjusted for comorbid status as well as type of surgery (major vs minor). Comorbid status was defined using the Elixhauser list of 30 comorbid conditions. This list was validated for LOS and hospital costs as outcomes and has superior control of confounding compared with other comorbidity indices. 11, 12 Further, all comorbid conditions were identified by a diagnosis-type indicator that was recorded in the administrative data to flag 
Postoperative Complications
To identify postoperative complications that were common and/or clinically important, we used ICD-9-CM diagnosis codes (codes beginning with 996-999) that are explicitly labeled as ''complications'' (cardiac complications, pneumonia, hemorrhage, infectious complication, stroke) as well as ICD-9-CM codes for acute MI, acute respiratory failure, and deep vein thrombosis/pulmonary embolism. These codes have been used in other studies 15, 16 (see online Appendix 1).
Statistical Analysis
The logarithmic transformation of cost and LOS was used because of the positive skew in the distribution of these 2 variables. To estimate the independent association between complications and costs and LOS, we adjusted for baseline characteristics including age, gender, the Elixhauser comorbidity list, urgency of surgery (urgent vs nonurgent), and type of surgery (major vs minor) using linear regression modeling. Clinically and statistically relevant interaction terms were also included. The final model was assessed for the satisfaction of assumptions for multiple linear regression. We also evaluated for potential clustering at the surgical service level using a linear mixed effects modeling procedure. That analysis supported the findings from the simpler linear regression models that we present in the Results section. The adjusted cost increase (i.e., the relative cost increase associated with the presence of a given complication vs the absence of any complications) was estimated by the percentage increase of the exponentiated b coefficient. We determined the median cost with a given complication by multiplying the adjusted percent increase that was associated with a postoperative complication with the unadjusted geometric mean. The same method was used to assess increase in LOS.
RESULTS
There were 7,457 patients undergoing noncardiac surgical procedures during the 21-month study period. As discerned from Table 1 , the majority of patients in this study were female, with generally few comorbid conditions. A significant proportion of patients experienced at least 1 postoperative complication (6.9%) but the occurrence of more than 1 complication was infrequent. The most frequent complications were postoperative pneumonia (3%), hemorrhage (1.8%), postoperative infection (1.3%), and cardiac complications (1.3%).
In the multivariate analysis, after adjustment for age, gender, preoperative comorbid conditions, type of surgical procedure, urgency of surgery, the presence of a postoperative complication compared with having no complications was independently associated with increased total hospital costs ( Table 2) . Postoperative complications were also associated with increases in LOS except for acute MI. Postoperative stroke and infectious complications were associated with the largest Cardiac complication is defined in the 996 series ICD-9-CM coding manual as cardiac arrest, cardiac insufficiency, cardiorespiratory failure, or heart failure during or resulting from a surgical procedure.
z Hemorrhage is defined in the 996 series ICD-9-CM coding manual as any hemorrhage of any site resulting from a surgical procedure. ‰ Infection is defined in the 996 series ICD-9-CM coding manual as postoperative abscess or septicemia or infection due to an internal prosthetic device.
k These comorbid conditions are defined using ICD-9 codes not in the 996 series. increases in cost and also in LOS. The presence of any complication was associated with a 110% increase in adjusted cost and 101% increase in LOS.
In addition, significant interactions between major type of surgery and pneumonia (Po.01) and major type of surgery and postoperative cardiac complications (Po.01) were observed. The interactions suggested that although these postoperative complications were associated with increased cost and LOS for both major and minor surgical procedures, the relative cost increase was greater for those undergoing minor surgeries.
DISCUSSION
We found that postoperative complications were relatively common, occurring in 6.9% of surgical patients in the present study. Each of the postoperative complications studied were associated with substantial increases in total hospital cost and LOS, even after adjusting for type of surgery, urgency of surgery, and preoperative patient comorbid conditions. The relative increase in cost for each of the complications ranged from 41% to 112%. Parallel to the increases seen in costs, complications were associated with similar significant increases in LOS. Pulmonary complications occurred most often and were associated with a substantial increase in hospital cost and LOS. These increases in hospital costs were largely driven by prolonged hospital stay. This conclusion is based on the fact that although most complication types were associated with an increase in hospital cost independent of LOS, the magnitude of the cost increase was considerably lower than in an analysis that does not control for LOS.
These results are consistent with and extend findings from previous investigations of the impact of various perioperative explanatory factors on health care resource utilization in noncardiac surgery. 8, 12, 17 Dimick et al. 3 reported increases in hospital costs and LOS with several postoperative complications in a study of 1,008 surgical patients. However, because of the small number of events, they were only able to study a limited number of complications and could only adjust for a few comorbid conditions. Our study demonstrated, in a large patient population adjusted for a comprehensive list of comorbid conditions, that complications were associated with substantial costs and prolonged LOS for multiple adverse complications.
The present study has several limitations. The first limitation is that as the costs and LOS results are from a single institution, they may not be representative of other hospitals. However, the complication rates in this study are similar to other reported complication rates from tertiary care centers. 8, 18, 19 Second, administrative data might be incomplete and inaccurate in identifying complications. We reduced misclassification of comorbid conditions as complications by using the diagnosis-type indicator 13 that identifies each comorbid condition as present at admission. Furthermore, Lawthers et al. 16 reported that 73% of surgical complications identified by ICD-9 codes were confirmed against medical record review. A third limitation is that the extreme imbalance of comorbidity profiles between patients with complications and those without might result in incomplete adjustment for potential confounding. While we could not use multivariable matched analyses proposed by some authors 20 because of the low matching rate, we have attempted to reduce confounding by using a comprehensive list of comorbid conditions. 11, 12 The fourth limitation is that patients in this study underwent surgery between 1996 and 1998 and since that time, direct and indirect hospital costs may have increased. Also, costs in the single payer Canadian system are generally lower than quoted costs or charges from the American system. However, the overall conclusion that postoperative complications are independently associated with a significant increase in cost and LOS remains true, and is likely to apply to more recent Canadian data and to American data. A final caveat is that we studied complications regardless of the occurrence of death. The relationship between death and costs/LOS is complicated, as death occurring early or late during the hospital admission would have differing effects on cost and LOS. In this study, the effect of death on resource use (cost and LOS) was, on average, modest, but this represents an averaged summary of effects that range anywhere from huge decreases in resource use (for early deaths) and huge increases in resource use (for later deaths).
In conclusion, patients with postoperative complications consume considerably more health care resources. Initiatives 
